Introduction
The study of mechanisms of proliferation and dierentiation in cultured cell lines of neural origin may be helpful to understand the abnormal growth of brain tumors and other neural malignancies. PC12 cells, derived from a rat pheochromocytoma (Greene and Tischler, 1976) , are a useful model to study neuronal dierentiation (Greene and Tischler, 1982) . This cell line has characteristics of precursor cells for both sympathetic neurons and chroman cells. Incubation of PC12 cells with nerve growth factor (NGF) or other neurotrophic factors leads to biochemical and morphological changes characteristic of sympathetic neuronal cell dierentiation including neurite extension, cessation of cell division and expression of neuronal-speci®c genes (for a review see Halegoua et al., 1991) .
Retinoic acid (RA), an endogenous metabolite of vitamin A, is a potent regulator of growth and dierentiation of neural cells. The actions of RA are mediated by nuclear receptors (RARs and RXRs) which belong to the steroid/thyroid hormone receptor superfamily and act as ligand-inducible transcription factors (for a recent review see Guiguere, 1994) . RA is known to inhibit proliferation and to stimulate morphological dierentiation in neuroblastoma cells Sidell et al., 1983; Kaplan et al., 1993) and to induce neuronal dierentiation of teratocarcinoma cells (Jones-Villeneuve et al., 1982) . We have recently shown that RA also profoundly aects growth, dierentiation and gene expression on PC12 cells . Therefore, the RA receptors in combination with neurotrophic receptors appear to play an important role in the proliferation and fate of the sympathoadrenal precursors of the neural crest.
Apart from a direct regulation of a set of genes involved in cell proliferation and dierentiation, these processes could be in¯uenced by the cellular release of growth factors which in turn may have autocrine eects in the same cell, or have paracrine eects in neighbouring cells. Dierentiation of several cell types is often accompanied by speci®c changes in the expression of growth factors or their receptors. Among the various growth factors that might play a role in RA and NGF-induced dierentiation are the transforming growth factors (TGFs). The TGFs a and bs were originally identi®ed by their transforming ability of normal ®broblasts (Anzano et al., 1983) , although the TGF-bs have been consequently found to strongly inhibit proliferation of epithelial cells Kingsley, 1994) . Recent work has shown induction of TGF-b following treatment of keratinocytes (Falk et al., 1991) , HL-60 (Glick et al., 1990) , mesenchymal stem cell lines (Gazit et al., 1993) , or neuroblastoma cells (Cohen et al., 1995) with RA. On the other hand, it has also been very recently demonstrated in our laboratory and in another report (Kim et al., 1994; Aranda, 1995, 1996) that NGF in¯uences the expression of the TGF-b1 gene as well as the release of this factor by PC12 cells.
In this study we have examined the eect of RA and NGF on the release of growth factors by PC12 cells, as well as the in¯uence of RA on the expression of the TGF-b1 gene. Our results show that medium conditioned by cells incubated with RA is able to increase proliferation of epithelial 3D9 cells and ®broblastic NRK cells. The conditioned medium also induce anchorage-independent growth of NRK cells in soft agar, and colony formation increases in the presence of EGF and after acidi®cation of the conditioned medium showing that one of the factors released is TGF-b. Indeed, RA caused an increase in TGF-b1 mRNA levels which is secondary, at least in part, to transcriptional regulation since incubation with the retinoid increases the activity of the TGF-b1 promoter in transient transfection assays.
Results

Secretion of growth factors by PC12 cells
In order to determine whether PC12 cells produce and release growth factors which can in¯uence proliferation of other cell types, conditioned medium was collected from control untreated PC12 cells and from cells treated with 50 ng/ml NGF or 1 mM RA for 48 h. The eect of the conditioned medium on growth of epithelial 3D9 cells, and NRK and T17 ®broblasts is shown in Figure 1 . As illustrated in Figure 1a , conditioned medium from untreated PC12 cells was able to induce 3D9 cell growth. This eect was markedly increased in the medium from cells which had been incubated with RA. The eect of the conditioned medium from control PC12 cells and from cells incubated with NGF was similar. Medium conditioned by control PC12 cells or by cells treated with NGF did not aect proliferation of NRK cells. However, treatment of PC12 cells with RA induces the secretion of a factor (or factors) that induce(s) a statistically signi®cant increase in [ 3 H]thymidine incorporation (Figure 1b) . These results show that PC12 cells treated with RA secrete growth factors which increase proliferation of cell lines of both ®broblastic and epithelial origin, whereas under the same conditions the medium from control or NGF-treated cells only weakly increase growth of the epithelial cell line. As illustrated in Figure 1c , conditioned medium from control PC12 cells caused a strong decrease of T17 cell proliferation. Again, treatment with NGF did not alter this eect, but the decrease was signi®cantly less pronounced with conditioned medium from PC12 cell treated with RA.
Although the cells were extensively washed before the conditioned medium was collected, there was the possibility that residual amounts of RA could be secreted back out of the PC12 cells into the conditioned medium, and either alone or in combination with growth factors aect the growth of 3D9, NRK or T17 cells. To dismiss this possibility, the eect of the addition of conditioned medium obtained from untreated PC12 cells which received fresh RA over a concentration range of 1 nM to 1 mM on the growth of the three cell lines was also examined. Figure 2 shows that RA did not increase proliferation, but rather produced a dose-dependent inhibition of [ 3 H]thymidine incorporation which was more marked in NRK cells. Similar results were obtained when RA was added directly to growth medium in the absence of conditioned medium (data not shown). Therefore, the increase in growth of cells of epithelial and ®broblastic origin caused by the medium conditioned Figure 1 In¯uence of conditioned medium on 3D9, NRK and T17 cell proliferation. PC12 cells were treated for 48 h with medium alone (control), 1 mM RA or 50 ng/ml NGF. After extensive washing the cells were incubated for 24 h in serum-free medium in the absence of factors and the conditioned medium collected. Several growth factors are able to induce a transforming phenotype in certain untransformed ®broblast target cells. This is the case for the transforming growth factors TGF-a and TGF-bs which induce anchorage-independent growth of NRK cells in soft agar medium (Anzano et al., 1983) . The ability of medium conditioned by PC12 cells to cause colony formation in NRK cells is shown in Figure 3 . Treatment of PC12 cells with RA caused the secretion of factors which not only increased NRK cell proliferation (Figure 1a ), but also produced colony formation when NRK cells were grown in soft agar (Figure 3a) . The number of colonies increased by at least a factor of sevenfold with the medium conditioned with RA-treated cells. These colonies were small (between 35 and 100 mm in diameter). However, medium from control or NGF-treated PC12 cells did not induce colony formation above the values found with non-conditioned medium.
It has been described that the formation of large colonies in soft agar depends on the combined presence of more than one growth factor (Anzano et al., 1983) such as EGF and TGF-b, or TGF-b and TGF-a. Therefore, we also compared colony formation with PC12 conditioned medium in the presence and absence of exogenously added EGF. The results obtained are shown in Table 1 . In the absence of EGF the results were identical to those shown in Figure 3a . Only the medium conditioned by cells treated with RA, or the combination of RA and NGF induced formation of colonies which normally were of small or medium size. EGF by itself caused the appearance of the same types of colonies and, furthermore, this factor strikingly potentiated the eect of medium conditioned by RA-treated PC12 cells. The combination of EGF and this medium produced not only a signi®cant increase in the number of colonies formed, but also the appearance of very large colonies. This eect was even more marked in medium from cells incubated with RA plus NGF.
Because TGF-b can be secreted in both active and inactive forms , we also examined the ability of acid-treated conditioned medium to stimulate colony formation of NRK cells ( Figure 3b ). In this experiment only large colonies (above 100 mm) were considered. Conditioned medium from control PC12 cells supported considerable anchorage-independent growth of NRK cells. This is in agreement with previous data demonstrating that these cells constitutively express the TGF-b1 gene (Kim et al., 1994) and by our ®nding that PC12 cells release TGF-b1 in a latent form Aranda, 1995, 1996) . In addition, the number of (7), or with media derived from control PC12 cells and from PC12 cells treated with RA or NGF as in Figure 1 . Each treatment was performed in duplicate. Colonies (435 mm in diameter) were scored in 10 independent ®elds per plate and experimental errors were within 20%. (b) Conditioned medium derived from control PC12 cells and from cells incubated with 1 mM RA or 50 ng/ml NGF, was acidi®ed to activate latent forms of TGF-b and tested for colony formation of NRK cells in soft agar. Only colonies greater than 100 mm in diameter are shown. No colonies of this size were formed in the absence of conditioned medium (7). Experimental variation between the duplicate plates in each treatment was below 20%. (c) Anchorage-independent growth of NRK cells was determined in the absence of conditioned medium (None), with 5 ng/ml recombinant TGF-b1, or with acid-treated conditioned medium from cells treated with RA (RA-CM). The number of colonies (435 mm in diameter) was determined in the absence of antibody (control), in the presence of 20 mg/ml of neutralizing antibody (+aTGF-b1), or with the same amount of a control IgY. Each treatment was performed in duplicate. The results shown in the dierent panels are representative of four independent experiments Figure 3c compares colony formation by recombinant TGF-b1 and by acidi®ed medium conditioned by RA. In both cases the anchorageindependent growth of NRK cells was blocked in the presence of the antibody, but it was not aected by a control IgY.
Induction of TGF-b1 transcripts by RA in PC12 cells
The results presented above indicate that one of the growth factors induced by RA belongs to the TGF-b family. For that reason, we analysed the in¯uence of RA on mRNA levels for the dierent TGF-b isoforms.
Northern blots with total RNA con®rmed (Kim et al., 1994; Cosgaya and Aranda, 1995) that PC12 cells express two TGF-b1 mRNAs (1.7 and 2.5 kb in size) of similar abundance. Incubation for 48 h with 1 mM RA produced an increase in both TGF-b1 transcripts, although the levels of the larger mRNA increased more ( Figure 4a ). Quanti®cation of both forms from three independent experiments showed a total increase of 2.9+0.3-fold in TGF-b1 transcripts in cells treated with RA. TGF-b1 is the predominant isoform expressed in PC12 cells, whereas the TGF-b2 and TGF-b3 transcripts were undetectable in the same blot both in control cells and in cells treated with RA. In addition, TGF-a transcripts were also undetectable, thus suggesting that expression of this factor is also much lower than that of TGF-b1 in these cells (not illustrated). Figure 4b shows the time-course of the TGF-b1 mRNA induction by RA in PC12 cells. An increase was not oberved before 8 h and a maximal induction was found after 48 h of incubation with 1 mM RA. At that time the levels of TGF-b1 mRNA had increased by approximately threefold. These levels remained elevated until at least 120 h. RA-dependent increase of TGF-b1 mRNA levels is also dose-dependent. Figure 4c shows the dose-response curve obtained after 24 h incubation with increasing concentrations of RA. A half-maximal increase was found with 3 ± 5 nM RA and the induction was maximal at concentrations above 10 nM.
Induction of TGF-b1 mRNA by NGF in PC12 cells has been previously described (Kim et al., 1994; Aranda, 1995, 1996) . When compared with the induction of TGF-b1 by RA, the increase caused by NGF was faster (the induction was already detected after 2 ± 3 h of incubation and was maximal at 8 ± 16 h) and less sustained. Additionally, NGF produced a stronger induction than RA since NGF increased by more than 10-fold the level of TGF-b1 transcripts (not illustrated).
RA activates the TGF-b1 promoter
In order to analyse whether there is a transcriptional activation of the TGF-b1 gene after incubation of PC12 cells with RA, transient expression experiments were performed with reporter plasmids in which dierent fragments of the TGF-b1 5'-¯anking region were ligated to the luciferase gene. Figure 5 compares the in¯uence of RA and NGF on the activity of the TGF-b1 promoter. Incubation with 1 mM RA for 48 h increased luciferase activity by 2.5-fold in PC12 cells transfected with T1L, a construct with the fragment 71072/+578 that contains the two described TGF-b1 promoters (Geiser et al., 1991) . Incubation with 50 ng/ ml NGF strongly stimulated the activity of this construct in PC12 cells but the combination of RA and NGF did not produce further increases. The in¯uence of RA and NGF on the activity of the T2L and T3L constructs that contain promoters 1 and 2, respectively, was also examined. The activity of both constructs was stimulated by approximately threefold in NGF-treated PC12 cells. RA had only a weak eect (less than twofold) on the T2L construct, but increased by more than fourfold the luciferase activity driven by the T3L construct. These results show that sequences located in the second promoter of the gene mediate regulation of TGF-b1 gene transcription by RA. RA enhances release of TGF-b1 to the culture medium Mv1Lu cell growth is markedly reduced by TGF-b1 and the Mv1Lu cell proliferation inhibition assay is used as a highly sensitive bioassay to determine TGFb1 content. Conditioned medium, activated by acidi®cation, was used to determine production of this growth factor by PC12 cells. Figure 6 shows that acidi®ed conditioned medium from PC12 cells contained an activity which strongly decreased Mv1Lu cell proliferation. In agreement with our previous observations Aranda, 1995, 1996) , treatment with NGF signi®cantly increased the release of the inhibitory factor to the culture medium. Incubation of PC12 cells with RA also produced a signi®cant increase in the inhibitory potency of the culture medium. This activity corresponds to TGF-b1 release, since the neutralizing anti-TGF-b1 antibody blocked by more than 90% the inhibitory activity of the culture medium (data not shown). Figure 6 also shows that 5 ng/ml of recombinant TGF-b1 produced a decrease in [ 3 H]thymidine incorporation which was similar to that induced by 50 ml of PC12 cell conditioned medium.
TGF-b1 does not mediate the RA-induced PC12 cell growth arrest
We have previously reported that RA is a potent regulator of PC12 cell growth and it is well known that in addition to inducing neurite extension NGF inhibits PC12 cell proliferation. Although TGF-b1 by itself does not appear to have autocrine eects in PC12 cells (Cosgaya and Aranda, 1995) , there exists the possibility that this factor could play a role in RA-or NGF-induced growth arrest. To analyse this hypothesis, DNA synthesis was determined in control PC12 cells and in cells treated with 1 mM RA or 50 ng/ml NGF in the presence of an anti-TGF-b1 neutralizing antibody or the same amount of a control immunoglobulin. As shown in Figure 7 , NGF and RA produced a signi®cant decrease in [ PC12 cells were transfected with 5 mg of the constructs which contain dierent fragments of the TGF-b1 5'-¯anking region. T1L (71072/+578) contains both TGF-b1 promoters, T2L (71072/ +157) contains the ®rst promoter and T3L (+157/+578) contains the second promoter. After transfection, the cells were incubated with 1 mM RA, 50 ng/ml NGF, the combination of both (RA+NGF), or medium alone (control) for 48 h and luciferase activity determined. The data represent the mean luciferase activity obtained in two separate experiments performed with duplicate cultures and are expressed as the increase (mean+s.d.) found over the corresponding levels obtained in control untreated cells Figure 6 RA and NGF increase release of TGF-b1 by PC12 cells. The Mv1Lu cell proliferation inhibition bioassay was used to determine TGF-b1 content in conditioned medium. Mv1Lu cells were incubated for 48 h with 50 ml of medium conditioned by control PC12 cells or by PC12 cells which had been treated with 1 mM RA or 50 ng/ml NGF for 24 h. The medium was activated by acidi®cation prior to addition to the cells. Proliferation of the Mv1Lu cells was assessed after incubation with 
TGF-b1 receptor expression in PC12 cells
The lack of inhibitory eect of TGF-b1 in PC12 cell proliferation suggested that TGF-b1 receptors were either not expressed or expressed in insucient numbers in these cells. To determine cell surface TGF-b1 receptors, PC12 cells were anity labeled by cross-linking to receptor-bound [ 125 I]TGF-b1. As a control Mv1Lu mink lung cells which contain a high number of TGF-b1 receptors were used in parallel. Figure 8 shows that Mv1Lu cells expressed high levels of the three types of TGF-b1 receptors expected: betaglycan, type I receptor (TbR-I) and type II receptor (TbR-II). These species disappeared in the presence of an excess of unlabeled TGF-b1. In contrast, TbR-I and TbR-II were undetectable in PC12 cells and only a small amount of betaglycan was expressed in these cells. TbR-I and TbR-II proteins remained undetectable by anity labeling and cross-linking in PC12 cells treated with RA or NGF.
Discussion
To examine possible involvement of autocrine or paracrine growth factors in RA and NGF-induced changes in pheochromocytoma cell growth and dierentiation, we collected medium conditioned by PC12 cells and investigated its eect on nontransformed ®broblastic (NRK or T17) and epithelial (3D9) cells with the expectation that if PC12 cells secreted growth factors, they should alter their growth. Using this approach we found evidence that PC12 cells treated with RA secrete growth factors into the culture medium which are able to aect 3D9, T17 and NRK cell growth. These factors were also able to induce a transforming phenotype in NRK cells. More than one factor has been demonstrated to confer anchorageindependent growth to normal ®broblasts. The TGFs were, in fact, ®rst identi®ed by their ability to cause growth of these cells in soft agar (De Larco and Todaro, 1978; Anzano et al., 1983) . Additionally, other growth factors such as EGF, PDGF, IL-6, endothelin etc. have been consequently shown to produce this transforming phenotype at least when combined with factors of the EGF family (De Larco and Todaro, 1978; van Zoelen et al., 1986; Kusuhara et al., 1992; van Zoelen et al., 1993; Monier et al., 1994) . Our data show that EGF strongly potentiated anchorageindependent growth caused by the medium conditioned by RA-treated PC12 cells, which suggests that the factors released could belong to the TGF-b family. The ®nding that colony formation also signi®cantly increased after acidi®cation of the media further con®rms TGF-b secretion, since the factors belonging to this family are released by the cells in a latent, inactive form, which can be activated`in vitro' by acidi®cation (Lawrence et al., 1985) .
Our data also show that the non-activated medium conditioned by RA-treated PC12 cells produces some anchorage-independent NRK growth. This suggests that RA induces the secretion of additional factor/s dierent from TGF-bs. Additionally, colony formation in soft agar could be explained by secretion of active TGF-b. Recently we reported that TGF-b1 activity is spontaneously released into culture medium by PC12 cells in a latent form (Cosgaya and Aranda, 1995) . Although we cannot dismiss the possibility that treatment with RA produces activation of a small fraction of the TGF-b1 secreted, the hypothesis that PC12 cells release other factors dierent from TGF-b1 is further supported by the ®nding that the medium from cells treated with RA induces proliferation of epithelial cells in which TGF-bs cause cessation of growth (Anzano et al., 1983) .
In contrast with the results obtained with RA, the in¯uence of the medium conditioned by PC12 cells treated with NGF on anchorage-independent growth of NRK cells was only observed after activation by acidi®cation. On the other hand, both the size and the number of colonies formed in the presence of EGF was smaller than those obtained with the RA-conditioned medium. These ®ndings together with the fact that the media conditioned by NGF-treated cells did not cause proliferation of the 3D9 epithelial cells under the conditions in which RA-treated cells did, suggest that the major factors released in signi®cant amounts in NGF-treated cells are the TGF-bs. When the latent forms of TGF-b are activated, the NGF-conditioned medium produced colony formation of NRK cells with a potency as strong as that induced by RA.
RA has been recently shown to induce TGF-b gene expression in human neuroblastoma cells (Cohen et al., 1995) in which it reduces growth rate and causes dierentiation Sidell et al., 1983; Kaplan et al., 1993) . Our data demonstrate induction of TGF-b1 transcripts in PC12 cells incubated with RA. The expression of TGF-b2 and TGF-b3 is very low in these cells (Kim et al., 1994; Cosgaya and Aranda, 1995) and we show here that is not detectably increased by RA. Stimulation of TGF-b1 gene expression by RA in PC12 cells occurs, at least in part, at a transcriptional level. However, the possibility that RA could additionally increase TGF-b1 mRNA (7) of unlabeled TGF-b1 competitor. A similar analysis was performed in the positive control cell line Mv1Lu. The mobilities of the betaglycan, type 1 (TbR-I) and type 2 (TbR-II) TGF-b1 receptors are indicated by arrows at the left. The migration of standard protein size markers is indicated at the right stability in PC12 cells, as it has been shown to occur in neuroblastoma cells (Cohen et al., 1995) , remains to be evaluated. The TGF-b1 gene has been demonstrated to have two dierent promoters in several species (Kim et al., 1989 (Kim et al., , 1990 Geiser et al., 1991) and our results indicate the presence of sequences in the second promoter which mediate the activation by RA in transient transfection studies. The RA receptors regulate gene transcription by binding to cis-acting sequences named RA response elements or RAREs (Guiguere, 1994) . The RAREs consist of palindromic or direct repeats of the consensus sequence AGGTCA (Umesono et al., 1991) . Sequence analysis of the 5'-anking region of the TGF-b1 shows the presence of several half-sites although a typical RARE in which this motif is separated by one, two or ®ve nucleotides is not found. Further work will be needed to functionally characterize the existence of these elements. On the other hand, RA could increase TGF-b1 gene transcription by regulating the expression and/or activity of other still unidenti®ed transcription factors which bind and activate this promoter.
Although RA does not induce neurite extension in PC12 cells, previous work has shown that RA closely mimicks in several aspects the eect of NGF on these cells . Thus, both agents induce an arrest of growth, and a transient expression of the low anity neurotrophin receptor (p75 LNGFR ) and the tyrosine hydroxylase genes (Scheibe and Wagner, 1992; . This work demonstrates that RA also mimicks the eect of NGF on TGF-b1 gene expression. Therefore, the present data reinforce the idea that RA could initiate a biochemical program of neuronal dierentiation in PC12 cells, although a fully dierentiated phenotype with neurite extension is not obtained. The expression of a full neuronal phenotype with neurite extension in RA-treated cells appears to require the interaction with other signaling pathways. This is strongly supported by the ®nding that RA promotes neurite outgrowth in protein kinase Ade®cient PC12 cells (Scheibe et al., 1991) .
TGF-b1 inhibits the proliferation of a wide variety of cell types, but no change was seen in the growth of PC12 cells treated with this factor (Cosgaya and Aranda, 1995) . This may be due to the fact that PC12 cells express a low number of TGF-b1 receptors. It was possible that RA treatment might have increased the number of receptors in PC12 cells above a threshold level which may permit TGF-b1 responsiveness. A very recent report demonstrates induction of TGF-b1 receptors during RA-induced dierentiation of human neuroblastoma cells (Cohen et al., 1995) , but we found that type I and type II TGF-b1 receptors, which are required for the transduction of the TGF-b1 signal, were undetectable in PC12 cells even after treatment with RA. Moreover, our results show that the possibility that growth arrest caused by RA could be mediated by the TGF-b1 secreted in an autocrine manner, can be dismissed since we have demonstrated that an anti-TGF-b1 neutralizing antibody does not reverse the inhibitory eect of RA on PC12 cell proliferation. Our results additionally show that the blocking eect of NGF on PC12 cell growth is also independent of TGF-b1.
To summarize, our data indicate that the arrest of cell growth and the biochemical dierentiation induced by RA and NGF in pheochromocytoma PC12 cells is associated with the regulation of speci®c growth factors. This regulation suggests that changes in the expression of these genes may be important steps in the program of neuronal dierentiation. One of these factors is TGF-b1. In the future it will be of interest to identify other growth or dierentiation factors which may have autocrine eects in these cells or paracrine eects in other cell types.
Materials and methods
Cell cultures
PC12 cells were cultured in RPMI medium containing 10% donor horse serum (Quality Biological Inc) and 5% fetal calf serum (GIBCO). The PC12 cells were incubated with 7S NGF and/or RA at the concentrations and for the times indicated in the text. NRK (normal rat kidney ®broblast, clone 49F), T17 ®broblasts and MvLu1 mink lung cells, were cultured in DMEM medium. Mouse epithelial cells 3D9, were grown in Ham's F12 medium. The medium for the dierent cell clones was supplemented with 10% fetal calf serum.
Obtention of conditioned medium and proliferation assays
Conditioned medium was collected from PC12 cells plated in 100 mm diameter plates. Duplicate cultures of PC12 cells were treated with 50 ng/ml NGF or 1 mM RA for 48 h in 0.5% serum-containing RPMI. The cells were then washed three times with serum-free medium and cultured in the absence of factors. The conditioned medium was collected after 24 h and used the same day without further concentration. Biological activity of the conditioned medium was determined using 3D9, NRK and T17 cells. The proliferation assays were performed in 96-well plates containing 10 000 3D9, T17 or NRK cells/well in 100 ml of medium. The cells were incubated for 48 h with 50 ml of the medium conditioned by PC12 cells plus 50 ml of medium containing 20% fetal calf serum and 0.1 mCi [ 3 H]thymidine was added during the last 4 h. The incorporated [ 3 H]thymidine was determined using a cell harvester and quanti®ed by liquid scintillation counting. All treatments were done in quadruplicate and the results are shown as the mean+standard deviation. Proliferation of PC12 cells inoculated in 96-well plates (containing 10 000 cells/well) was also determined. The cells were treated for 48 h with NGF or RA and [ 3 H]thymidine incorporation was determined as described above. To investigate a possible role of TGF-b1 on PC12 cell growth arrest induced by these agents, a speci®c anti-TGF-b1 antibody (polyclonal anti-porcine TGF-b1 neutralizing antibody puri®ed from egg-yolk, BDA-19 British Biotechnology Products Ltd) was used at a 1 : 50 dilution (corresponding to 20 mg/ml) to neutralize the factor present in the culture medium. PC12 cell cultures were incubated in the presence of the antibody or with the same amount of a control immunoglobulin (IgY) during the whole period of treatment with RA or NGF.
Bioassay of TGF-b1 activity in conditioned culture medium The Mv1Lu cell inhibition proliferation assay was used to determine release of TGF-b1 by PC12 cells as previously described (Cosgaya and Aranda, 1995) . Brie¯y, Mv1Lu cells were incubated for 24 h with conditioned medium collected from PC12 cells which had been treated with RA and NGF as described above, and with [ 3 H]thymidine for the last 4 h. To activate latent forms of TGF-b, the conditioned medium was acidi®ed with 1 N HCl to pH 2.0 for 1 h at 48C and then neutralized to pH 7.5 with 1 N NaOH. The TGF-b1 antibody was used to neutralize the inhibitory eect of the conditioned medium on MvLu1 cells.
Colony formation
The capability of NRK cells to form colonies in soft agar was assessed as described previously (Peterson et al., 1994) . Brie¯y, an underlayer of 0.5% Bacto agar (DIFCO) in culture medium was prepared. Subsequently, 10 000 cells were suspended in a plating layer containing 0.3% agar in 6-well plates. The agar was supplemented with conditioned medium (either untreated or acidi®ed) obtained from PC12 cells incubated with RA and NGF, or with 10 ng/ml of recombinant TGF-b1 or EGF, as control. In some experiments colony formation was determined in the presence of the neutralizing TGF-b1 antibody or the control immunoglobulin. After 15 days of incubation the number of colonies and their size was determined under the microscope in 10 separate ®elds. Each treatment was performed in duplicate and the experiments were repeated at least three times.
RNA extraction and hybridization
Total RNA was extracted from the cell cultures with guanidine thiocyanate (Chomczynski and Sacchi, 1987) . The RNA was run in 1% formaldehyde-agarose gels and transferred to nylon-nitrocellulose membranes (Nytran) for Northern blot analysis. The RNA was stained with 0.02% methylene blue. The blots were hybridized with a 974 bp SmaI insert of mouse TGF-b1 cDNA (Derynk et al., 1986) labeled by random oligonucleotide priming. Hybridizations were at 428C with 50% formamide and the more stringent wash was at 428C with 0.16SSC-0.1% SDS. Quanti®cation of TGF-b1 mRNA levels was carried out by densitometric scanning of the autoradiograms. The values obtained were corrected by the amount of RNA applied in each lane which was determined by densitometry of the stained membranes.
DNA transfection
For transient expression assays the cells were plated 24 h prior to transfection by the calcium phosphate method in 60 mm petri dishes. The cells were transfected with 5 mg of reporter luciferase constructs in the presence of 10 mg carrier DNA (high molecular weight calf thymus DNA, Boehringer). After overnight incubation with the calcium phosphate precipitate, the cells were incubated for 48 h with NGF or RA before luciferase activity was determined. A set of reporter constructs containing murine TGF-b1 promoter sequences were a kind gift from J Schoorlemmer. The T1L plasmid contains the fragment 71072/+578 relative to the ®rst promoter of the gene (Geiser et al., 1991) fused to luciferase. T2L and T3L contain sequences 71072/+157 and +157/+578, respectively. A second initiation site is separated 290 base pairs from the ®rst one (Geiser et al., 1991) and is, therefore, present in T3L but not in T2L. In all cases the reporter plasmid was cotransfected with 1 mg of a RSV ± CAT plasmid to determine transfection eciency. RA did not aect the activity of RSV ± CAT. However, NGF induced CAT activity from the RSV promoter (Cosgaya and Aranda, submitted for publication) and, therefore, the luciferase data were not corrected by CAT values.
Statistical methods
The statistical analysis of the data was done by one factor ANOVA-repeated measures, using the Fisher-PLSD test with a signi®cation of 95% with the Statview SM and Graphics TM program. Each experiment was repeated at least three times with similar results.
TGF-b1 anity-labeling assays
Cell monolayers were labeled with [
125 I]TGF-b1 as described (Cheifetz et al., 1990) . The cells were incubated with 100 pM [
125 I]TGF-b1, in the presence or absence of 3 nM unlabeled TGF-b1, for 3 h at 48C, cross-linked to receptor-bound ligand with bis(sulfosuccinimidyl) suberate (BS 3 , Pierce Chemical), and solubilized in the presence of Triton X-100. The resulting cell extracts were directly subjected to SDS-polyacrylamide gel electrophoresis (SDS ± PAGE) and autoradiography.
